ABSTRACT Following pre-migration screening for tuberculosis (TB), migrants who are deemed to be at a high risk of developing TB must attend post-entry follow-up in Australia. We aimed to evaluate the effectiveness of post-migration TB follow-up in the state of New South Wales to diagnose TB in these high-risk migrants.
Introduction
The World Health Organization (WHO) framework for the global post-2015 "End TB Strategy" has identified migration and cross-border issues as a priority action area for countries with a low incidence of tuberculosis (TB), encouraging progression first towards "pre-elimination" (<10 cases per million) and eventually "elimination of TB" (<1 case per million) [1] . Foreign-born persons account for a significant proportion of all TB cases in developed nations: 88% in Australia in 2013 [2] , 66% in the USA in 2014 [3] and 25% in the European Union in 2010 [4] . An Australian study estimated that 50% of TB cases in individuals from high-incidence regions, such as Asia and Africa, occurred within 7 years of arrival into Australia [5] .
Many low-incidence countries have implemented mandatory TB screening programmes for migrants as part of their visa application process. This can be a two-step process beginning with pre-migration screening of all migrants, followed by post-migration follow-up of "high-risk" migrants. Pre-migration screening identifies infectious TB, but also identifies those at increased risk of developing TB in the future. Prospective migrants are classified as "high risk" based on chest radiograph abnormalities (such as granulomatous or fibronodular changes), a history of (treated or untreated) TB or other risk factors, in particular a history of close contact with a patient with infectious TB. A recent systematic review showed that migrants identified in this way have a very high risk of being diagnosed with TB post-migration and that TB control measures in this population are therefore warranted [6] . However, less is known about the performance of real-life post-migration follow-up programmes for migrants identified to be at high risk for developing TB at pre-migration screening.
We aimed to evaluate the effectiveness of the New South Wales post-migration TB follow-up programme in Australia to diagnose TB in migrants who were identified at pre-migration screening to be at a high risk of developing TB.
Methods
Study setting Australia has a low incidence of TB with an incidence of 5.5 cases of TB per 100 000 nationwide and 5.9 per 100 000 in the state of New South Wales in 2013 [2] . The majority of TB notifications are reported in people born overseas (88% (n=1106) in 2013) [2] .
All permanent visa applicants and applicants planning to stay in Australia for at least 6 months must undergo a general health assessment prior to migration. This is conducted in their country of origin, and includes screening for TB via a medical history, physical examination and a chest radiograph (table 1) [7] . If there are chest radiograph changes potentially suggestive of TB, three sputum smears and culture examinations are required to exclude active TB. If diagnosed with active TB, migrants are not permitted entry into Australia until they have undergone treatment, and been proven free of active disease on subsequent sputum smear and culture examinations. Applicants with a known history of TB or an abnormal chest radiograph, but negative results on sputum smear and culture, are considered to be at an increased risk of developing active disease and must sign an agreement to comply with the requirements of post-migration follow-up [8] . This places them under obligation to report to a local chest clinic for medical follow-up within 28 days of arrival in Australia.
Based on a review of the migrant's initial screening results, a repeat chest radiograph after arrival in Australia and an updated history for symptoms of TB, migrants may be asked to see a TB physician or to present for follow-up chest radiographs at certain intervals, or they may be discharged from medical follow-up.
A HIV test is routinely performed as part of the health screening conducted during the visa application process for migrants to Australia. The information is recorded in the health assessment system of the Dept of Immigration and Border Protection, but details of HIV results were not routinely included in the state databases of migrants referred for follow-up examinations for TB during the study period.
Study population and design
We use the term migrant in this study for any migrant who is part of "orderly migration", "in keeping with the laws and regulations governing exit of the country of origin and travel, transit and entry into the destination or host country" as defined by the International Organization for Migration [9] . Refugees and asylum seekers were not part of the studied cohort of international migrants.
We performed a retrospective cohort study in New South Wales, Australia's most populous state, receiving 35% of all international migrants in 2010 [10] . The study population included all migrants referred for follow-up during the study period ( January 1, 2000 to December 31, 2015) following pre-migration screening. Migrants were referred for follow-up if they were deemed to be at an increased risk of TB for any reason, including chest radiograph abnormalities consistent with (old) TB, a history of TB or recent contact with a patient with active TB. Migrants who went on to develop TB during the study period were identified via the linkage of two datasets held at the New South Wales Ministry of Health. The first dataset contained records of all migrants who entered New South Wales and were referred for TB follow-up, while the second dataset contained records of all TB notifications in New South Wales ( part of the state's Notifiable Conditions Information Management System). The following data fields were used for data linkage: surname, first name, other names and date of birth. The following additional items were used for data linkage checking: sex and postcode of home address.
Clinical notes were reviewed for a nested cohort of migrants who developed TB and were referred for follow-up to one of the two largest chest clinics in New South Wales (Parramatta and Liverpool chest clinics). These two clinics received 35% (11 354 out of 32 155) of all post-migration follow-up referrals in New South Wales during the study period (information obtained from the state's migrant follow-up database). This was done to determine 1) the mode of TB diagnosis (either via follow-up or because of passive case finding) and 2) the duration of the follow-up period.
A TB diagnosis was defined as any TB notification in the New South Wales Notifiable Conditions Information Management System, which includes culture-positive as well as culture-negative TB cases. Culture-negative cases could have been diagnosed based on histology (caseating granuloma) and/or typical chest radiograph and clinical findings.
The study was approved by the New South Wales Population and Health Services Research Ethics Committee (HREC/15/CIPHS/62).
Data analysis
The incidence of TB was expressed as cases per 100 000 person-years with asymptotic 95% confidence intervals [11] . The cumulative incidence of TB was determined by dividing the total number of TB cases in the cohort by the total number of individuals referred for follow-up during the study period. For each individual migrant referred for follow-up, the study observation period began upon referral to a chest clinic in New South Wales and ceased either at the conclusion of the study period (December 31, 2015) or on the date of TB diagnosis, if this preceded the conclusion of the study period. To determine how much earlier TB was diagnosed via follow-up procedures, the median time from referral for follow-up until TB diagnosis among those who presented for follow-up at least once was subtracted from that among migrants who did not present for follow-up at all.
We reported our study results according to the STROBE guidelines [12] .
Results
Results of the data linkage are included in figure 1 . From 2000 to 2015, 32 550 migrants were referred for post-migration TB follow-up, of which 681 were referred more than once (e.g. because they returned to their country of origin for a prolonged stay). The characteristics of this cohort are detailed in table 2.
Of 32 550 migrants referred for follow-up, 428 (1.3%) were notified with active TB during the study period, 275 within the first 2 years of follow-up. This represents a cumulative incidence of 845 cases of TB per 100 000 migrants referred for follow-up in the first 2 years, and 1315 cases of TB per 100 000 between 2000 and 2015 (95% CI 1195-1446 per 100 000). The incidence of TB was 436 per 100 000 person-years (95% CI 384-491 per 100 000 person-years) in the first 2 years after arrival and 128 per 100 000 person-years (95% CI 116-140 per 100 000 person-years) over the study observation period (mean observation period of 10.3 years). 71% (n=303) of all TB cases were culture-and/or PCR-positive for Mycobacterium tuberculosis.
The characteristics of the 428 migrants who were referred for follow-up and developed TB during the study period are shown in table 2. HIV status was available for 212 of the 428 migrants, with four out of 212 (2%) having a positive result.
Migrants who were referred for follow-up represented 4.8% (428 out of 8848) of all TB notifications in New South Wales during the study period. The mean±SD age at which TB was diagnosed was 35.4±15.7 years in migrants who were referred for TB follow-up compared with 43.9±21.2 years in all TB cases.
Of all 428 migrants who were referred for follow-up and went on to develop TB, 31% (133 out of 428) were seen at one of the two major chest clinics in the state; the remaining migrants were seen at one of 26 other state chest clinics. Of the TB cases at the two major chest clinics (a nested cohort for which we reviewed hard-copy medical records), 70% (93 out of 133) were referred for follow-up based on chest radiograph abnormalities and 20 (15%) were referred because of a history of TB. The remaining 20 (15%) were referred for other reasons (e.g. contact with a patient with active TB).
Among the migrants in the nested cohort, 84 out of 133 (63%) were diagnosed via follow-up procedures, while the remaining 49 (37%) were diagnosed passively. Of all TB cases in migrants who attended at least one follow-up appointment, 78% (84 out of 108) were diagnosed via follow-up procedures, of which 40% (34 out of 84) were diagnosed at the first follow-up appointment after migration (table 3) . This resulted in an estimated prevalence of TB of 299 per 100 000 at the first follow-up appointment following entry into Australia. Referred to another chest clinic in NSW n=295
Did not attend any follow-up appointment n=25
Diagnosed with TB after discharge from the follow-up programme n=12
Diagnosed with TB passively after being lost to follow-up n=6
Diagnosed with TB passively during active follow-up period n=6
Diagnosed with TB via the follow-up programme n=84 Of those who were diagnosed with TB passively, the majority (78% (38 out of 49)) were diagnosed via a symptomatic presentation to the emergency department of a hospital and half (51% (25 out of 49)) had never presented for a follow-up appointment.
In migrants who attended follow-up at least once, TB was diagnosed after a median (interquartile range (IQR)) of 1.07 (0.43) years following referral. In migrants who were referred but never presented for follow-up, TB was diagnosed after a median (IQR) of 1.62 (0.23) years after referral for post-migration follow-up, 0.55 years later than in those who attended at least one follow-up appointment. The mean±SD length of medical follow-up among those who attended appointments until official discharge and did not develop TB during the follow-up period was 2.4±1.1 years.
Of all TB cases among high-risk migrants, 54% (232 out of 428) were microbiologically confirmed (culture positive). Among the nested cohort, this rate was 59% (79 out of 133). Thus, a significant proportion of high-risk migrants were diagnosed with TB based on pathological, clinical and radiological findings. 
Discussion
This Australian study of post-migration TB follow-up in 32 550 migrants who were identified to be at increased risk of developing TB at pre-migration screening shows that 428 (1.3%) migrants developed TB over a mean study observation period of 10.3 years. The TB incidence in the first 2 years after arrival was 436 per 100 000 person-years (95% CI 384-491 per 100 000 person-years). The results of a nested cohort for which we reviewed medical records indicated that 63% of TB cases among these migrants were diagnosed via follow-up procedures (40% at the first follow-up appointment). Those who attended at least one follow-up appointment were diagnosed with TB 0.55 years closer to arrival in Australia than those who did not.
Pre-migration screening can identify a population at high risk of developing active TB in the future. The incidence of TB among this population (128 per 100 000 person-years over a mean study observation period of 10.3 years) was more than 20 times higher than in the general population of New South Wales (5.9 per 10 000 per year in 2013) [2] . This incidence was, however, substantially lower than the post-migration incidence of TB in migrants identified to be at increased risk of developing TB at premigration screening found in a recent systematic review and meta-analysis (pooled incidence of 1249 per 100 000 person-years of follow-up, 95% CI 924-1574 per 100 000 person-years) [6] . There are two important potential reasons for this difference. 1) Migrants in our cohort who had chest radiograph abnormalities had sputum culture in addition to sputum smear to rule out active TB at pre-migration screening (which was not the case for all studies included in the meta-analysis), thus reducing the risk of missing a TB diagnosis that then would be made post-migration. Despite the addition of sputum culture, it is likely that some of the TB cases diagnosed at the first follow-up appointment were cases missed at pre-entry screening.
2) The long mean study observation period of 10.3 years in our cohort would have reduced the TB incidence per 100 000 person-years as the risk of TB diminishes over time since infection [13] .
In a cohort study of 519 955 migrants who underwent pre-migration screening for TB before entering the UK, the estimated incidence of TB was 147 per 100 000 person-years (95% CI 140-154 per 100 000 person-years). The incidence rate ratio was 3.2 (95% CI 2.8-3.7) in migrants whose pre-migration chest radiographs were compatible with active TB, but who had negative microbiological results at that time [14] . This results in a calculated incidence of 470 per 100 000 person-years in these high-risk migrants, which is comparable to the incidence of TB within the first 2 years of follow-up in our study of 436 per 100 000 person-years (95% CI 384-491 per 100 000 person-years).
Our study showed that 63% of TB cases among the study population were diagnosed via follow-up procedures, suggesting that post-migration follow-up programmes in low-incidence settings have the potential to diagnose a substantial proportion of cases of TB within the target population. Considering that 19% of migrants diagnosed with TB never attended a follow-up appointment, the proportion of TB cases diagnosed via follow-up procedures in this group could likely be further increased, possibly through providing additional incentives for migrants to attend.
It is expected that even in the absence of a follow-up programme, practically all cases of TB would have eventually been diagnosed within existing health services. Australia facilitates access to health services for TB diagnosis and care by fully subsidising the cost of all TB-related consultations, investigations and treatments, independent of residency or insurance status. Early diagnosis and treatment is key to preventing disease transmission from infectious patients with TB. Our results showed that those who attended at least one follow-up appointment were diagnosed with TB 0.55 years earlier than those who did not. While it is possible that the follow-up programme was effective at diagnosing TB disease earlier, it is also possible that migrants were more likely to attend follow-up if they were feeling unwell. Our study data did not allow any definite conclusions about the direction of the association between nonattendance and more time passing between arrival in Australia and a diagnosis of TB, as it would have been necessary to obtain information on the subjective wellbeing (i.e. symptoms consistent with TB) of follow-up attenders as well as of nonattenders, which we did not have.
A recent Canadian study found that high-risk migrants referred for follow-up had a much lower risk of transmitting TB after arrival than migrants not referred for follow-up [15] . Based on the results, however, it could not be determined conclusively whether the cause for this was that the follow-up programme was effective at diagnosing disease earlier and therefore reducing the risk of transmission or whether migrants referred for follow-up had a disease phenotype associated with a lower risk of transmission [15] .
Given the uncertainties about the effectiveness of TB follow-up programmes, including the one in our study, to diagnose TB cases earlier than otherwise would be the case, alternative TB control strategies among high-risk migrants, especially latent TB infection (LTBI) treatment, should be considered.
Contradictory statements regarding the effectiveness of TB follow-up programmes in high-risk migrants have been made in other studies. While some found follow-up programmes to be potentially effective [16, 17] , others found reduced effectiveness attributed to factors such as poor attendance [18] , delay in initial presentation for follow-up [19] and unnecessary referral due to ineffective initial ( pre-migration) screening measures [20] . A Canadian study of a cohort of 523 migrants referred for post-migration follow-up suggested that the problems within the programme, including an average 3-month delay between arrival and presentation for follow-up, as well as a lack of cohesion of medical practice and availability of old reports, were too extensive to make it a worthwhile intervention [21] . Inefficiencies and operational problems have been found to be the reason for lack of cost-effectiveness of migrant screening and follow-up programmes [22] .
In our study, there was disproportional representation of Vietnamese and Indian high-risk migrants among those who developed TB. Among high-risk migrants from Vietnam, India, the Philippines and China the proportion of migrants diagnosed with TB was 3.1%, 2.5%, 1.0% and 0.7%, respectively. In comparison, the proportion of TB cases was 1.3% among high-risk migrants from all other countries. The proportion of high-risk migrants who developed TB does not appear to consistently reflect the incidence of TB in the country of origin, which, according to WHO estimates was higher in the Philippines (322 per 100 000 in 2014) than in Vietnam (140 per 100 000 in 2014) and India (223 per 100 000 in 2014) [23] . It is therefore likely that these differences reflect variations in sensitivity and specificity of the TB screening process in different countries (e.g. differences in chest radiography interpretation). A future study could look at sensitivity and specificity of TB screening in different countries of origin to inform quality improvement projects for TB screening in migrants.
Strengths of our study were the large sample size and use of state-wide data linkage to assess the outcome of TB (capturing cases of TB that presented to other chest clinics/hospitals in the state than those they were initially referred to for follow-up).
A limitation of our study was the lack of clinical information available in the electronic databases, which were linked to identify cases of TB among "high-risk" migrants. We thus conducted a nested cohort study for which we obtained clinical information from medical records at two major chest clinics. We could not account for migrants who might have developed TB outside of New South Wales or who died during the study observation period. Hence, the incidence of TB within the cohort, as well as the percentage of migrants diagnosed via follow-up, might be an underestimate.
In low-incidence settings, other groups with a known increased risk of developing active TB, including contacts of TB patients [13] , HIV-positive individuals [24] and those undergoing tumour necrosis factor-α inhibitor therapy [25] , are routinely targeted for screening and treatment of LTBI. This is currently not the case for many high-risk migrants. While we have shown that post-migration follow-up captures a significant proportion of TB occurring in high-risk migrants, the cost-effectiveness of this intervention remains unknown. The overall impact on TB control is likely small because migrants who were referred for post-migration follow-up represented only 4.8% of all TB notifications in New South Wales during the study period. Treatment of LTBI in this group would likely be more cost-effective [26, 27] and would benefit individuals beyond the public health perspective [28] . Thus, treatment of LTBI should be considered in conjunction with, or as an alternative to, post-migration follow-up in order to increase the effectiveness of such a programme. This is also in line with the WHO "End TB Strategy", which emphasises the importance of treating LTBI in low-incidence countries to achieve global TB elimination [1] .
Providing TB care to migrants from different linguistic and cultural backgrounds to that of the destination country can be challenging [29, 30] . Removal of restrictions to healthcare access and training of healthcare professionals to deal with these challenges is essential.
In summary, this large cohort study conducted in New South Wales, Australia, showed that the TB post-migration follow-up programme detected 63% of TB cases occurring in high-risk migrants identified at pre-migration screening. Less time passed between arrival in Australia and TB diagnosis in referred migrants attending at least one follow-up appointment than in those who did not, but it remains unclear whether the follow-up programme has the potential to prevent delay of TB diagnosis. Treatment of LTBI in conjunction with, or as an alternative to, post-migration follow-up should be considered in this group. Cost-effectiveness of different TB control measures among high-risk migrants needs to be evaluated in future studies.
